INTRODUCTION
Abrasive Flow machining (AFM) is a non-traditional machining method that can be used to deburr, chamfer, polish, remove recast layers, and to produce compressive residual stresses. Abrasive Flow Machining (AFM) was first described and patented by McCarty, the president of Extrude Hone Corporation in 1970 [1] . The most time consuming and labour demanding section of the manufacturing process in today's industry is the final finishing of complex and precision works. This consumes as much as 5-15% spending of the overall manufacturing Process. Because of its capability to machine interior and curved surfaces, it is considered as a suitable surface finishing process to finish internal complex geometry of workpiece. The process can deburr holes as small as 0.2 mm and radius edges from 0.025 to 1.5 mm. Tolerances can be held to ±5 μm. AFM is becoming popular due to its ability to give expected, constant and repeatable results [3] .
Principles of AFM
In the AFM process, a semi-solid media is utilized which comprises of a carrier in the form of a polymer base containing abrasive powders in a desired proportion, which is extruded under the given pressure across the surface, which is to be machined. The media acts as a flexible tool whenever it is subjected to some restrictions due to the uneven surface. The special deformable facility of media is responsible for its movement through any shape of the passage. Restricted media flow passages are obligatory at the surfaces to be processed by AFM, wherein the media deports remotely like flexible grinding stone, abrades the material, and provides a good surface finish over the surface. Generally, a fixture is required to offer restriction or to direct and focus the media to desired locations in the work piece. 
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Classification of AFM
AFM process can be principally classified in two classes:
One-way AFM
One way AFM [7] process apparatus is provided with a hydraulically triggered reciprocating piston and an extrusion media cavity revised to receive and extrude medium uni-directionally across the internal surfaces of a workpiece having internal passageways formed therein. Fixture directs the flow of the medium from the extrusion medium chamber into the internal passages of the workpiece, while a medium collector collects the medium as it extrudes out from the internal channels. The extrusion medium chamber is provided with an access port to intermittently receive medium from the collector into extrusion medium chamber. The hydraulically actuated piston occasionally withdraws from its extruding position to open the extrusion medium chamber access port to collect the medium in the extrusion medium chamber. When the extrusion medium chamber is charged with the working medium, the operation is resumed.
Two-way AFM
Two way AFM [6] machine has two hydraulic cylinders and two media cylinders. The media is extruded, hydraulically or mechanically, from the filled chamber to the empty chamber via the controlled passage through or past the workpiece surface to be abraded. Typically, the medium is extruded to and fro between the chambers for the desired fixed number of cycles. Counter bores, recessed areas and even blind cavities can be finished by using restrictors or mandrels to direct the medium flow along the surfaces to be finished. 
II. AFM PROCESS PARAMETERS
The AFM process parameters are classified as given below [31] , 
Process Parameters and their Effect on Output Responses
Experimental investigations have been carried out by various investigators to investigate the effects of process parameters like extrusion pressure, number of cycles, viscosity, abrasive concentration and grain size on the output responses namely, surface finish and material removal during AFM. Rhoades studied the basic principle of AFM and reported that the depth of cut primarily depends upon abrasive grain size, relative hardness and sharpness and extrusion pressure [2] [3] [4] .
The axial forces in AFM are highly subjected to the behaviour of the AFM medium. The flow pattern of the AFM medium depends on the machining parameters, the characteristics of the applied medium, as well as the shape of the work piece and the tooling [4] . Loveless discussed the effects of AFM on surfaces produced by turning, milling, grinding, and wire electrical-discharge machining. They stated that the best enhancement in the surface quality was obtained on the WEDMed surfaces. The results show that the type of machining process affected both metal removal and surface finish results and medium viscosity significantly affected only surface improvement, while extrusion pressure did not have a significant effect in this article [10] . Jain et al. has built an estimation of material removal and surface roughness obtain during AFM, and found that increasing an piston speed, fraction concentration of grain, extrusion pressure would increase material removal and decrease the surface roughness value, while further than a certain value of velocity and pressure, it would worsen due to increase in depth of indentation, and the minimum surface value is equal to the critical surface roughness. The authors use neural network for modelling and optimum selection of input parameters of AFM process [11, 12] .
Jain and Adsul studied the AFM process parameters, such as four varieties of mesh sizes and concentrations, the number of process cycles, different media flow speeds on aluminum and brass, simulating soft and hard materials, respectively. They concluded that leading parameters are the number of process cycles, mesh size and abrasive concentration, and the effect of flow rate is less in comparison to the other AFM process parameters [13] . Jain et al. uses the stochastic simulation to measure the active grain density in AFM. Active grain density increases with an increase in abrasive concentration & active grain density is higher for a smaller grain diameter for a specific concentration [17] . Morochkin suggested three different regimes of grain-workpiece interfaces namely, chip regime, plastic regime and elastic regime [8] . Gorana et al. examined the axial and radial forces during AFM using a self-designed two-component disc dynamometer. It was concluded that extrusion pressure, abrasive concentration and grain size affect the cutting forces, active grain density and finally reduction in surface roughness. They found that the applied extrusion pressure had the strongest effect on the measured axial force. The active grain density and the concentration of abrasive grains showed only a minor effect in their experiments. Author concluded that reduction in surface roughness is approximately linearly proportional to force ratio (Fr/Fa). Scanning electron microscopy shows that rubbing and ploughing are the possible mechanisms of material deformation [18] . Fig.6 Variation of force ratio with extrusion pressure [18] In another paper, Gorana et al. studied the modes of material distortion under realistic conditions of grain-workpiece interface. The AFM experimental results showed that axial force, radial force, active grain density and grain depth of indentation, all have a significant effect on the scale of material deformation. Results suggested that care should be taken when evaluating and interpreting the force on a single grain followed by grain depth of indentation which is used in estimate of mode of material deformation. The two established grain-workpiece interaction parameters, viz., the minimum depth of indentation and minimum load required for chip formation, were found to correlate well with the mode of material deformation. The theoretical and investigational results showed that the rubbing mode of material deformation dominates in the study; however, some evidences of ploughing during AFM are also present. They conducted Scratching experiments to simulate and acquire the knowledge about the action of abrasive grains during the AFM process [19] . Fang et al. studied abrasive particle movement pattern as an significant factor in approximating the wear rate of materials, especially, as it is closely related to the burring, buffing and polishing efficiency of the abrasive flow machining (AFM) process. There are generally two kinds of particle movement patterns in the AFM process, i.e. sliding-rubbing and rolling [21] . Fig.8 : Effect of no. of cycles on the roughness improvement rate [22] 
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Wang et al. studied that effect of abrasive gel on the surface roughness & efficiency of media in material removal. They proposed that Vinyl-silicone polymer (or silicone rubber) as a best material for media because it is cost effective. They also concluded that 80% surface improvement occur within the 5 th number of cycle. Small abrasive sizes can produce smoother surfaces than large sizes [22] . Song et al. discussed the temperature dependence and its effect on surface roughness. Experimental results show that the media at high temperature results in less improvement in surface roughness. Author concluded that media can have good machining performance in the first few cycles and then media temperature rise rapidly. Finally they conclude that the best workable temperature should be below 25 °C during the AFM [23] . Fang et al. studied on the work efficiency of AFM based on the media temperature. They states that media viscosity decreases continuously with increasing temperature. Media temperature increases with increasing cycles, which means media viscosity decreases with cycles increasing. Work efficiency directly proportional to the media viscosity, with decrease in media viscosity rolling tendency of abrasive particle is increase, which cause decrease in work efficiency [24] . Kara Kamal K. et. al. developed substitute media for AFM process from different viscoelastic carriers (natural rubber and butyl rubber), SiC abrasive and naphthenic oil. The performance of media was evaluated by an AFM setup. The butyl rubber, silicon carbide and naphthenic oil mixed media showed good performance compared to natural rubber based media. As the abrasive loading increases, the improvement in surface roughness increases. But at the high percentage (above 78%) of abrasive loading, the flow becomes difficult as well as carrier acts as inefficient binder for abrasives. Media contains abrasives of mesh size 220 was good compared to the 800 and 1200 mesh sized abrasive in AFM process [25] .
M. Ravi Sankar et al. initially grounded the Al alloy and two types of Al alloy/SiC MMCs (i.e., 10% and 15% volume fractions) and then fine finished using Abrasive flow finishing process. New Styrene Butadiene rubber (SBR) medium was developed and used in the AFF process during finishing of three types of workpiece materials. The following conclusions were made, as the extrusion pressure increases surface roughness increases upto 6MPa and then decreases slightly on further increment. Surface roughness increases gradually as weight percentage of oil increases upto 10% and then starts decreasing. As hardness of workpiece increases, the number of cycles to achieve better Surface roughness also increases [26] .
Williams et al. found that the metal removal rate of middle hole was 30% more than that in side holes, when he performed experiments of extrusion abrasive flow for producing the parts of four side holes and a centre hole [9] . Siddiqui 6 | Page surfaces having single vent for media outflow by abrasive flow machining produced better results in comparison with work-piece surfaces having multiple vents. Work-piece surfaces having single vent/passage for media outflow have higher material removal and more enhancement in surface roughness and the performance measures decrease with increase in the number of vents for media outflow. The change in surface roughness, ΔRa increases with the increase in length of the work-piece and decreases with the increase in cross section of the work-piece [30] . It is also observed that the pressure decreases with increase in length of media flow travel. In AFM, it has been reported that enhancement in performance could be achieved by improved fixturing [27] . The machining parameters, such as concentration, mesh number and number of cycles were changed to determine their effects on the machining characteristics material removal (MR) and enhancement in surface finish in PEC Chandigarh [29] . Brar et al. concluded that smaller size abrasive gives better surface finish and can reach into complex and narrow passages, while larger one cut faster. The reason for a decrease in material removal is that with an increase in mesh size (or decrease in grain size in mm) the depth of penetration as well as width of penetration, decreases. Authors performed parameter study on one-way AFM regarding the effect of the piston pressure on the surface finish. Based on previous findings, two machining strategies with a combination of roughing and finishing are compared to the machining with high and low pressure [32, 33] 
III. RECENT DEVELOPMENTS IN AFM
Though there are many advantages of AFM process, it has a few disadvantages also, such as low productivity. The time to achieve the required surface finish is longer in AFM process as compared to other finishing processes. Researchers have tried to overcome this difficulty by using hybrid approach and have reported improvement in process efficiency of AFM. [5] combines abrasive flow machining and orbital grinding. An additional mechanical motion is given to the medium to enable it polish three dimensional forms that are not possible with conventional AFM. The motion is typically a planetary oscillation that creates relative displacement between tooling and the work piece. The oscillations can be in the vertical or horizontal or combination of both the planes, yielding an elliptical or gyratory polishing action. Orbital polishing is made used in polishing the edges and surfaces in complex shapes and cavities such as bottle molds, coining dies and aluminium wheels along with high precision and accuracy.
Singh and Shan applied magnetic field around the workpiece in AFM and observed that magnetic field significantly affect the material removal and change in surface roughness [15] . Then Jha and Jain also apply magnetic field to flowing media in AFM process for further study. Walia et al. recently explored centrifugal force assisted abrasive flow machining (CFAAFM) process as a hybrid machining process with the aim towards the performance improvement of AFM process by applying centrifugal force on the abrasive laden media with a rotating centrifugal force generating (CFG) rod introduced in the work piece passage [20] . Ravi Sankar et al. developed a new set-up to rotate the workpiece so that the probability of active abrasive particle rotation in the workpiece finishing region is high which improves both surface finishing rate and material removal rate. This study establishes that R-AFF can produce 44% better ΔRa and 81.8% more MR compared to the AFF process [14] . Author tried to improve finishing rate, material removal and surface texture by placing drill bit in the medium flow path called Drill Bit Guided Abrasive Flow Finishing (DBG-AFF). The inner part of medium slug flows along the helical flute which creates random motion among the abrasives in inner region of the medium. This causes reshuffling of abrasive particles at outer region. Hence, comparatively more number of new and fresh abrasive grains interact with the workpiece surface. From the experimental results, it is concluded that the abrasive traverse path is longer than the AFM abrasive traverse path in each cycle. It results in higher finishing rate in DBG-AFF as compared to AFM. Material removal is found to decrease with decrease in drill bit diameter [28] .
Kendra et al. suggest that the problem of nonuniform polished surface and nonuniform material removal can be solved by using a movable/rotatable mandrel. The innovative upgrade of AFM with movable/rotatable mandrel (AFMmm) shows high potential in improvement of their productivity [34] .
Venkatesh et al. works on Ultrasonic Assisted Abrasive Flow Finishing to improve the surface roughness of bevel gear. In UAAFF, abrasive polymer mixture is pumped down the centre of the ultrasonically energized tool. Combination of flow and vibration results in the effective abrasion of the workpiece surface. They takes Velocity, pressure and temperature as an input parameter to measure the surface finish and material removal of the bevel gear in AFM. They concluded that ultrasonic assisted AFM can increase velocity of abrasive, increase active grains hence improve in surface quality and MR rate. UAAFF has capacity to produce micro/nano level finish on closed cavity surfaces without causing much deterioration to its profile or dimensional accuracy. With this process blind hole can be also polished [35] 
IV. CONCLUSION
For improved surface integrity, smoothness and performance, non-stop progresses are taking place for altering the existing AFM process technology and AFM machine structure. To overcome some of the draw backs such as low finishing rate and incapability to correct the form geometry, investigators have proposed various types of AFM machines abbreviated as Orbital AFM, MRAFM, UAAFM, AFMmm, R-AFM, Spiral polishing etc. There is a big need of a process which improves the surface finish externally as well as internally simultaneously. Abrasive flow machining is a potential candidate for this direction.
